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Abstract

Background: Preventive anesthetic impact on the high rates of postoperative neurocognitive disorders
in elderly patients is debated. The Prevention of postOperative Cognitive dysfunction by Ketamine
(POCK) study aimed to assess the effect of ketamine on this condition.

Methods: This is a multicenter, randomized, double-blind, interventional study. Patients >60 years
undergoing major orthopedic surgery were randomly assigned in a 1:1 ratio to receive preoperative
ketamine 0.5 mg/kg as an intravenous bolus (n=152) or placebo (n=149) in random blocks stratified
according to study site, preoperative cognitive status and age. Primary outcome was proportion of
objective delayed neurocognitive recovery (dNR) defined as a decline of one or more
neuropsychological assessment standard deviations on postoperative day 7. Secondary outcomes
included three-month incidence of objective postoperative neurocognitive disorder (POND), as well as
delirium, anxiety, and symptoms of depression seven days and three months after surgery.

Results: Among 301 patients included, 292 (97%) completed the trial. Objective dNR occurred in 50
(38.8%) patients in the ketamine group and 54 (40.9%) patients in the placebo group (OR [95% CI]
0.92 [0.56;1.51], p=0.73) on postoperative day 7. Incidence of objective POND three months after
surgery did not differ significantly between the two groups nor did incidence of delirium, anxiety,
apathy, and fatigue. Symptoms of depression were less frequent in the ketamine group three months
after surgery (OR [95%CI] 0.34 [0.13-0.86]).

Conclusions: A single preoperative bolus of intravenous ketamine does not prevent the occurrence of
dNR or POND in elderly patients scheduled for major orthopedic surgery. (Clinicaltrials.gov

NCT02892916.)

Keywords: Delayed neurocognitive recovery, Postoperative neurocognitive disorder, Ketamine,

Frailty, Orthopaedic Surgery
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Introduction

With a foreseeable world increase of 2.1 billion people aged 60 years or more by 2050, the prevalence
of surgical procedures in the elderly is expected to increase up to fourfold in the next 40 years[1],
especially in orthopedic surgery. However, elderly patients undergoing these procedures develop
cognitive dysfunction after surgery in 26% to 54% of cases [2,3]. This includes impairments in verbal
and visual memory, language comprehension, spatial abstraction, attention, and concentration. New
recommendations based on the Diagnostic and Statistical Manual for Mental Disorders, fifth edition
(DSM-5) distinguish three temporal categories of postoperative neurocognitive disorder: acute
postoperative events, also called delirium, delayed neurocognitive recovery (dNR) that occurs within
the first 30 days after the procedure and postoperative neurocognitive disorders (POND) that persist
for up to 12 months [4]. Delayed neurocognitive recovery is associated with increased mortality,
earlier retirement, and more frequent need for social assistance[5,6]. It is of upmost importance to
identify the patients most at risk and find novel preventive interventions that minimize cognitive

dysfunction after surgery[7].

A neuroinflammatory process, driven by microglial cells, is considered one of the major
pathophysiological mechanisms of postoperative cognitive decline [8]. Among the various
pharmacological agents having a direct and indirect microglial effect, ketamine, a non-competitive
glutamate N-methyl-D-aspartic acid (NMDA) receptor antagonist with anti-inflammatory properties,
is a very promising molecule[9]. Subanesthetic administration of ketamine reduces postoperative
markers of inflammation [10], postoperative pain and opioid consumption[11], and has been studied in

diseases where microglial cell activation plays a crucial role [9,12].

A meta-analysis has indicated that a single bolus of ketamine, administered at the onset of anesthesia,
can decrease the risk of neurocognitive disorders up to 7 days after surgery [13]. Conversely, a large
multicenter randomized clinical trial found this regimen ineffective in preventing acute postoperative

cognitive dysfunction, i.e. delirium [14]. In addition, the hypothesis of a common physiological
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substratum between postoperative delirium and POND has been recently challenged[15]. Our
multicenter, randomized trial aimed to clarify these contradictory findings by determining whether
ketamine, administered at anesthesia induction, could reduce the rates of dNR on postoperative day 7
(primary outcome). Additionally, we sought to assess its impact on the incidence of POND on
postoperative day 90, along with anxiety, symptoms of depression, delirium, pain levels, and opioid
use both on postoperative day 7 and day 90 (secondary outcomes). This assessment was conducted
within in a homogenous surgical population, i.e. elderly patients undergoing major orthopedic surgery,

where significant data regarding cognitive outcomes is particularly scarce.
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Patients and Methods

Trial design and ethics statements

The POCK study was a multicenter, randomized, placebo-controlled, double-blind, superiority trial
comparing ketamine with placebo in patients considered at risk of cognitive disorders after major
orthopedic surgery. It was conducted in accordance with the declaration of Helsinki and was registered
in September 2016 (clinicaltrial.gov NCT02892916). It was approved in June 2016 by an institutional
review board (Comité de Protection des Personnes lle de France Ill, David Simhon, 06/17/2016,
France - #2016-000691-16) and the French National Agency of Medicine and Health Products Safety.
Written and signed consent was obtained for all patients. The protocol, including the statistical
analysis plan, is available with the full text of this article at the journal website. The members of the
steering committee (see Table S1) designed the trial, gathered, and analyzed the data, and vouch for

the accuracy and completeness of the data and analyses and the fidelity of the study to the protocol.

Participants

Fourteen French university and non-university hospitals took part in the trial (see Table S2). Patients
aged 60 years and older were eligible for enrolment if they were competent to provide informed
consent and were scheduled to undergo major orthopedic surgery under general anesthesia (e.g., spinal
surgery including spinal decompression, hip or knee total joint arthroplasty, hip internal fixation,
shoulder arthroplasty). Potential patients were identified by the local clinical team. Patients were not
eligible if they had American Society of Anesthesiology (ASA) score > 4, emergency surgery (i.e.,
emergency hip fracture) or an expected length of stay in hospital < 48 hours, a known allergy or
contraindication to ketamine, severe auditory or vision disorders, drug misuse history or chronic anti-
psychotic medications, a severe alcohol liver disease (TP<50% and/or bilirubin > 50 pumol/L) or were

not French speaking.

Randomization and masking
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Patients underwent randomization between 03/20/2017 and 05/28/2019 and were assigned in a 1:1
ratio by means of a Web-based service to receive ketamine or placebo in random blocks of size 2 and
4 stratified according to study site, preoperative cognitive status defined by the Montreal Cognitive
Assessment (MoCA) score (less than 20, considered as severe cognitive impairment, between 20 and
26, considered as mild cognitive impairment [MCI] and 26 or greater, considered as normal) and age
(> 70 years versus < 70 years) which are factors suspected to influence cognitive outcomes[3,16-18].
Prepared solutions of ketamine or placebo were directly delivered to the operating room in 10 ml
syringes labelled with a randomization number and injected after induction of anesthesia. The study
syringes were prepared by a non-attending nurse such that the contents were indiscernible. Treatment
assignments were concealed from patients, physicians, research staff, the statistician, and the scientific

committee. Quality control visits were periodically conducted at reach site during the study.

Trial procedures

Patients were assigned to receive either 0.5 mg/kg of intravenous ketamine (Ketamine Panpharma 50
mg/5 ml, Luitré, France) or an equivalent volume of placebo (sodium chloride 0.9%/5 mL vials, Chaix
et du Marais, Paris, France). Ketamine or placebo were administered as an intravenous bolus after
induction of anesthesia and before the surgical incision by the anesthetist in charge of the patient.
Decisions about anesthetic technique were at the discretion of each anesthetic team. The only
exception was the instruction to physicians not to administer any ketamine during surgery. All other
aspects of patient care (including postoperative pain management) followed local protocols and

established guidelines and all administered medications were collected.

Outcomes

The primary outcome was the proportion of objective delayed neurocognitive recovery (dNR) on
postoperative day 7. While no consensus has been established regarding the timing of cognitive
assessments after surgery, several studies have suggested an optimal timing at one week and
three months post procedure, depending on the clinical picture and in the absence of confounding

factors[3,19,20]. Thus, patients were assessed face-to-face by members of the research team,
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specifically trained in cognitive assessment techniques, blinded to group assignment, using the MoCA
test [18] and Trail Making Test (TMT) A and B, a validated tool to measure working memory (TMT
A) and central executive functioning (TMT B) [21]. These assessments were administered based on a
well-structured protocol to ensure the reproducibility of results across all participants. For each
patient, the degree of deviation from the normative values of the reference population in France with a
comparable mean age [22] was estimated as a Z-score (Z-score = (X-p)/c, where x is the patient’s raw
score, u is the reference population mean, and o is the reference population standard deviation) for
each cognitive test. An absolute difference of Z-score > 1 in at least one cognitive test (MoCA or
TMT A or TMT B or TMT B-A) between the tests carried out before surgery and seven days after
surgery, defined objective dNR [4], aligning the objective criteria of perioperative cognitive disorders

as described in DSM-5[23].

Secondary outcomes included the incidence of delirium assessed by trained members of the research
team using the Confusion Assessment Method (CAM) algorithm twice daily from two hours after the
end of surgery to postoperative day 7 [24]; the incidence of anxiety (defined as a anxiety score of 8 or
above) and symptoms of depression (defined as a depression score of 8 or above) using the Hospital
and Anxiety Depression Scale (HADS) at postoperative day 7 and three months after surgery — these
cut-off values allowed to maximise combined HADS sensitivity and specificity and to identify people
with higher symptom levels [25]; the proportion of objective postoperative neurocognitive disorder
(POND) assessed by the same cognitive tests (MoCA or TMT A or TMT B or TMT B-A) three
months after surgery at the surgical follow-up visit. Apathy was assessed using the Starkstein Apathy
Scale at postoperative day 7 and three months after surgery and was defined as a score of 14 or above.
Pre- and postoperative pain was assessed by a patient-reported Visual Analog Scale (VAS) at rest,
from two hours after the end of surgery to postoperative day 7 on a daily basis and three months after
surgery; cumulative opioid requirements were measured from postoperative day O to day 7 and the
occurrence of neuropathic pain was measured three months after surgery using the DN4 score [26].
Psychiatric events, such as visual and auditory hallucinations, but not nightmares, were also collected

after the end of surgery to postoperative day 7.
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In the original design of the study, the primary endpoint was the incidence of delirium, and the study
was powered to detect a relative decrease of 35%, i.e., a proportion of 13% of delirium in the ketamine
group versus 20% in the placebo group. Considering the results of Avidan et al., which showed no
difference between ketamine and placebo groups in terms of delirium incidence in similar settings to
the POCK study, and those from the Hovaguimian meta-analysis highlighting a potential ketamine
protection towards POCD [13,14], the POCK scientific committee decided to amend the study on
02/19/2018 with 93 patients already enrolled. The outcomes were modified as follows: the proportion
of delirium was defined as a secondary outcome while dNR on postoperative day 7, which was
initially a secondary outcome, was defined as the primary one. The protocol, including the
stratification factors, underwent no other modifications, ensuring the study's consistency and integrity
throughout its course. These modifications were approved in April 2019 by an institutional review
board (Comité de Protection des Personnes lle de France Ill, France) and registered in May 2019
(clinicaltrial.gov NCT02892916) when 301 patients had been recruited to the study. See more

information in the Table S3. No interim analysis has been planned or performed.

Sample size calculation

We estimated a 33% incidence of the primary endpoint in the placebo group[27,28], and we assumed a
relative decrease of 48.5%, i.e., a proportion of 17% in the ketamine group[13]. We calculated that
114 patients were required in each group with a two-sided type | error rate of 5% and a power of 80%.
Due to the difficulties of administering the cognitive questionnaires at seven days after surgery, we
estimated 20% missing values for completion of the questionnaire distributed on day 7 and therefore

planned to randomize 274 patients.
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Statistical analyses

The intention-to-treat (ITT) population consisted of all randomized patients and was used for patient-
count purposes. The modified intention-to-treat (mITT) population comprised all randomized patients
who received any cognitive assessment within the seven days following surgery. All analyses were
performed on a modified intention-to-treat (mITT) basis. An additional per-protocol (PP) analysis was
performed, including patients who received the randomly assigned treatment, adhered to the protocol-
mandated medical treatment, and had no major protocol violations.

Clinical event rates and other categorical data are summarized as percentages. Continuous data are
presented as means with standard deviations for normally distributed variables and as medians,
interquartile range (IQR) with minimum and maximum values for variables not normally distributed.
A two-sided P value of <0.05 was considered significant. Binary outcomes were analyzed using a
logistic regression and results are presented as odds ratio (OR) with a 95% confidence interval (Cl).
Continuous variables were analyzed using a linear regression and results are presented using the
estimates (standard error [SE]). Assumption of the model was assessed by plotting the residuals. VAS
scores were analyzed using a continuous ordinal model with a logit link function and results are
presented as ORs with 95% CI. In the latter analysis, an OR greater than 1 meant that patients with
ketamine had higher odds of having less rather than more pain, compared to patients in the placebo
group. All models were adjusted on the MoCA score (less than 20 (severe cognitive impairment),
between 20 and 26 (MCI) and greater than 26 (considered normal)) at baseline and on age (< 70 years
versus > 70 years). Models for analyses of score and pain were also adjusted on the value at baseline.
Predictive factors of cognitive decline on postoperative day 7 were determined by first performing a
univariate analysis of known factors. Factors with a p-value < 0.15 were then included in the
multivariate model.

Planned sub-group analyses of the primary outcome were performed according to age (< 70 years
versus >70 years) and to the preoperative MoCA score (<26 versus > 26).

Analyses were performed using SAS software, version 9.2 (SAS Institute, North Carolina, USA) and

R statistical software version 4.0.2 (R Core Team, Vienna, Austria).
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Results

Organization and reporting of this study followed CONSORT guidelines for randomized trials[29].
Between March 20, 2017 and May 28, 2019, 301 patients were randomly assigned, among whom 9
patients withdrew consent (Figure 1). The intention-to-treat (ITT) population included 292 patients,
149 in the ketamine group and 143 in the placebo group. Thirty-one (10.6%) patients (ketamine group,
n=20; placebo group, n=11) did not receive any cognitive assessment within the seven days following
surgery (mITT population: ketamine group, n=129; placebo group, n=132). The median number of
included patients per site was 9.5 (range, 2 to 81) (Table S2). Twenty-six patients had protocol
violations (did not undergo surgery (n=1), presented violations of inclusion criteria (n=3), did not
receive study drug (n=3), received open-label ketamine in the placebo group (n=19)) and were

excluded from the PP cohort.

Patient characteristics and types of surgical procedures did not differ between the two groups, nor did

preoperative cognitive, anxiety, and symptoms of depression status (Table 1).

Primary outcome

In the mITT population, objective delayed neurocognitive recovery (dNR) on postoperative day 7

occurred in 50 (38.8%) patients in the ketamine group and 54 (40.9%) patients in the placebo group

(OR [95% CI] 0.92 [0.56;1.51], p=0.73) (Table 2). The detailed results of the MoCA test, including

results in each MoCA component [18] , and TMT A and B are reported in Tables S4 and S5.

Secondary outcomes

The rates of delirium during the initial seven postoperative days and objective postoperative

neurocognitive disorder (POND) at three months did not differ statistically between the ketamine and

placebo groups. The rates of anxiety, apathy, and fatigue were also comparable between the two
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groups, both at seven days and three months after surgery. Symptoms of depression were significantly
less frequent in the ketamine group at three months but not at day 7, in comparison to the placebo

group (OR [95%CIl] 0.34 [0.13-0.86]) (Table 2).

Pain at rest was decreased in the post-anesthesia recovery unit (PACU) in the ketamine group, but
there was no statistical difference in acute pain intensity, postoperative consumption, and neuropathic

pain at any tested timepoints (Tables S6 and S7).

High level of education was the only independent protective factor against objective dNR on

postoperative day 7 (OR [95%CIl] 0.41 [0.19;0.89]) (Table S8).

Per-protocol analysis

In the PP population objective dNR occurred in 50 (38.8%) patients in the ketamine group and 47

(41.6%) patients in the placebo group (OR [95% CI] 0.89 [0.53;1.49], p=0.65) on postoperative day 7.

The absence of effect of ketamine on the incidence of objective dNR on postoperative day 7 was
consistent across all predetermined subgroups, i.e. preoperative cognitive status defined by the MoCA
score (less than 20, between 20 and 26, and 26 or greater) and age (> 70 years versus < 70 years)

groups (Figure 2).

Safety

There was no statistical difference between the two groups in the rates of perioperative adverse events
(34 [23.4%)] in the placebo group versus 33 [23.1%] the ketamine cohort; OR [95% CI] 1.03 [0.59-
1.78]) and in the postoperative psychiatric adverse events during the initial seven days following
surgery (4 (2.68%) of 149 in the ketamine group and 5 (3.5%) of 143 in the placebo group; OR [95%

CI] 0.76 [0.20; 2.92]).
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Discussion

The POCK multicenter, randomized, placebo-controlled, double-blind trial, shows that the
administration of 0.5 mg/kg single dose of ketamine before surgery is well-tolerated but does not
reduce the occurrence of objective dNR at 7 days or objective POND at 3 months, nor does it reduce
delirium, anxiety, apathy, chronic pain, and fatigue. However, it might reduce the rate of symptoms of
depression at three months after surgery. Our results are in conflict with the conclusion of a recent
meta-analysis, which concluded that an NMDA receptor antagonist such as ketamine improved
cognition one week after surgery[13]. However, this meta-analysis was based on relatively small trials
involving fewer than 60 patients. It is well known that large effectiveness trials do not always confirm
the results from underpowered studies or meta-analyses. Furthermore, the major weight of its
conclusions derives from one study conducted in cardiac surgery and it is likely that the mechanisms
of postoperative cognitive impairment are different after cardiac and orthopedic procedures[30]. It
must be emphasized that we have not restricted our trial to patients without pre-existing
neurocognitive disorder, in contrast to previous studies[30]. Survey studies have shown that up to 35—
50% of elderly patients aged >65 years have MCI[31] and preliminary findings suggest that surgery
worsens attention/concentration in patients with this impairment[32]. The POCK trial does not
confirm a higher impact of ketamine on objective dNR on postoperative day 7 in this specific

population (i.e., MoCA < 26).

Our trial was based on the hypothesis that postoperative cognitive disorders are mainly a result of
microglial activation, a key component of the neuroinflammatory process. Indeed, ketamine has been
reported to tone down the neuroinflammatory process associated with surgery by reducing both pain
and glutamate excitotoxic effects on microglial brain cells [9,33]. However, the current literature
suggests that other factors might significantly contribute to postoperative cognitive disorders,
including neurotransmitter imbalances [34] and oxidative stress [35]. Despite focusing on a
homogeneous field of surgery, i.e. orthopedic surgery, immune stress induced by the surgery could

vary based on the site of operation, whether it be the spine, shoulder, hip, or knee [36]. Additionally,
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ketamine's effect on modulating microglial cells might have been insufficient. Based on previous
published clinical trials in the field of perioperative cognition, the regimen of ketamine administration
was a single preoperative low dose [14]. It must be noted that many interventional trials published on
ketamine vary in terms of dosage (from 0.2 to 3 mg/kg) and duration of infusion (single bolus to 24-
hour infusion) depending on the study main objective. No dose-effects have been described for
ketamine, either in the prevention of acute and chronic pain management, depression, or postoperative
delirium [37—40], leaving this question open. Interestingly, an infusion of ketamine of 0.2 mg/kg per
hour has been shown to reduce ICU-associated delirium, whose main mechanism is also
neuroinflammation [41], underscoring the potential value of ketamine in reducing both delirium and
hyperalgesia, ultimately improving patient-centered outcomes such as quality of life in the ICU setting
[42]. Moreover, it must be noted that our drug dosage was insufficient to obtain any major benefit of
ketamine, i.e., a significant reduction of acute and chronic postoperative pain[43]. Pain is one of the
mechanisms that could be involved in the occurrence of POND [44] and its chronicization has been
associated with neuroinflammation[45]. In the POCK study, good pain control was shown in both
groups, meaning that pain could not be considered as playing a significant role in POND incidence,
lowering the potential impact of ketamine pain induced neuroinflammation. Notably, 35% of the
POCK patients received locoregional or epidural anesthesia in conjunction with general anesthesia.
However, this approach was not identified as a protective factor against postoperative neurocognitive
disorders. This finding is consistent with a recent meta-analysis demonstrating that combined epidural-
general anaesthesia did not significantly affect the incidence of such outcomes in patients undergoing
non-cardiac surgery [46]. Altogether, we think that our study suggests that modulation of microglial
cells is challenging — as this is also highlighted by trials on dexamethasone [47] — rather than that it
rules out neuroinflammation as a mechanism of postoperative cognitive disorder[48]. Indeed, we have
not specifically assessed microglial activation as it requires multiple, technically complex approaches,
ranging from high-field magnetic resonance imaging (MRI) to positron emission tomography (PET)
with translocator protein-18 kDa ligands. These techniques have been used to demonstrate a
microglial role in Alzheimer’s disease[49] and postoperative cognitive dysfunction[50]. It is

conceivable that administration of ketamine, not only before surgery but during and after, could better
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target the neuroinflammatory process, as the immune systemic response to surgery is time sensitive

and involves several mediators[51,52].

One of the secondary outcomes was the incidence of postoperative delirium. While a 5.1% incidence
is less than expected in such a cohort of patients, especially when compared to that of 19.6% in the
study by Avidan et al. [14] who used the Confusion Assessment Method as we did, this frequency is
close to that of other recent trials in Asia[53]. Delirium incidences vary based on many risk factors,
demographics including ethnic groups, or definitions [54]. The POCK investigators were especially
instructed to diagnose delirium twice a day during the postoperative course. However, the objective
cognitive function tests employed to evaluate inattention as part of CAM were not monitored, which is
known to contribute to the under-recognition of postoperative delirium [55]. However, our results are
in line with the Prevention of Delirium and Complications Associated with Surgical Treatments
(PODCAST) trial results, which reported that ketamine 0.5 mg/kg and 1 mg/kg failed to prevent

postoperative delirium[14].

Ultimately, one of the secondary outcomes studied here suggests that ketamine may decrease the rate
of symptoms of depression three months after surgery, though this finding requires further
investigation. The development of depressive symptoms is a common complication of major surgery
and is independently associated with an increased risk of cognitive dysfunction. Over the past two
decades, numerous randomized controlled trials have demonstrated the antidepressant effects of
ketamine[56,57]. A recent meta-analysis supports intravenous ketamine administration for treating
early depressive symptoms after surgery[58]. Beside modulation of neuroinflammation, the proposed
mechanisms for these antidepressant effects include hippocampal neurogenesis enhancement, re-
equilibration of glutamate release, and reversal of stress-induced synaptic deficits that may have long
term consequences[59]. Of note, we defined symptoms of depression using HADS cut-off values to
maximize combined HADS sensitivity and specificity and to identify people with higher symptom

levels [25] . Consequently, this point deserves further investigation to be confirmed.
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We acknowledge that the POCK study has several limitations. First, it was designed to define
cognitive decline using a combination of psychometric assessments (TMT A and B) and screening
tools (MoCA), as was proposed in most clinical trials at the time of our trial design (i.e., 2015). In
2018, two years after the first inclusions in the POCK study, the International Perioperative Cognition
Nomenclature Working Group recommended the use of psychometric assessments that objectively
assess specific cognitive domains such as the TMT A and B, rather than screening tools like the
MoCA for the diagnosis of POND. Furthermore, they emphasized the importance of considering
subjective complaints and Instrumental Activities of Daily Living (ADLs) in these assessments,
components that were not monitored in our study [4]. However, the rate of 39.8% cognitive decline on
postoperative day 7 is within the reported ranges, indicating that detection of cognitive dysfunction
has been satisfactory in this study [3,60]. Second, although the POCK study included over 300
patients, it was designed with the prediction of a 48.5% relative decrease of POND in the ketamine
group based on previous smaller studies. Even though there was an estimated lack of clinically
meaningful (2.1%) and statistically significant (p=0.73) decrease in objective dNR incidence with
ketamine, this could be a false negative finding. If ketamine does prevent postoperative cognitive
decline, it is likely that the effect is small, and a large trial (e.g., > 10,000 patients per group) would be
needed to clarify the effect. Third, we considered that it was clinically relevant to include patients with
MCI or dementia (40% of our population), as they form a large part of those undergoing routine
surgery. However, it is likely that the cognitive tests (MoCA or TMT A and B) are insufficiently
sensitive for detecting changes in cognition in this specific population[61]. Fourth, actors that could
contribute to the development of POND, such as pre-medication with anticholinergics or depth of
sedation (low BIS values or RS), were not collected due to the complexity of the protocol. This may
limit our ability to evaluate their potential causality in the incidence of cognitive disorders [62,63].
Finally, the ketamine used in our trial is a racemic mixture of two isomers. One may argue that
administration of the levogyre form S-ketamine would have been more appropriate as it is considered

to have more affinity for the NMDA receptor [64].

Conclusion
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In conclusion, this randomized, multicenter, controlled, double-blind trial did not show that a
preoperative 0.5 mg/kg intravenous single dose of ketamine improves cognitive outcomes, whether

acute or long-term, in the elderly patient undergoing orthopedic surgery.
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Tables
Table 1

Characteristics

Sex Female
Age Mean (SD)
Education * University or higher

High school
Charlson comorbidity index **  Median [IQR]
Obstructive sleep apnea **
Hypertension **
Current smoker **

Preoperative anemia (Hb <13 g.dl
(male), Hb <12 g.dI™" (female)) **
Type of surgery Shoulder arthroplasty

Spine surgery

All groups
(n=292)
180 (61.64%)
72.27 (7.22)
106 (37.46%)
132 (46.64%)
3[2.25;4]
37 (12.76%)
176 (60.69%)
10 (3.45%)

18 (6.25%)

7 (2.41%)

72 (24.83%)

C1 - Interne

Ketamine
(n=149)
93 (62.42%)
72.26 (7.11)
52 (36.36%)
75 (52.45%)
3[2:4]
17 (11.56%)
89 (60.54%)
6 (4.08%)

7 (4.79%)

5 (3.4%)

34 (23.13%)

Placebo
(n=143)
87 (60.84%)
72.29 (7.36)
54 (38.57%)
57 (40.71%)
3[3;5]
20 (13.99%)
87 (60.84%)
4 (2.8%)

11 (7.75%)

2 (1.4%)

38 (26.57%)



Total hip arthroplasty 102 (35.17%) 53 (36.05%) 49 (34.27%)

Total knee arthroplasty 76 (26.21%) 34 (23.13%) 42 (29.37%)
Revision total hip arthroplasty 16 (5.52%) 11 (7.48%) 5 (3.5%)
Revision total knee arthroplasty 13 (4.48%) 6 (4.08%) 7 (4.9%)
Other 6 (2.05%) 6 (4.08%) 0 (0%)
Type of anesthesia **** General plus regional (i.e., 100 (34.72%) 42 (28.97%) 58 (40.56%)

epidural analgesia or nerve

block)
Cognitive, anxiety and
depression status
Mean Montreal Cognitive Median [IQR] 25 [22;27] 25 [22;27] 25 [22;27]
Assessment score
Montreal Cognitive Assessment  [20-26] (mild cognitive 166 (56.85%) 86 (57.72%) 80 (55.94%)
score range impairment)
<20 (severe cognitive 30 (10.27%) 15 (10.07%) 15 (10.49%)
impairment-
Anxiety (HADS Anxiety score of 133 (49.26%) 66 (48.18%) 67 (50.38%)
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8 or above) T
Symptoms of depression (HADS
Depression score of 8 or above)

Tt

Patients’ baseline characteristics.

49 (18.28%)

21 (15.44%)

28 (21.21%)

HADS, Hospital Anxiety and Depression Scale; Hb, hemoglobin; IQR, interquartile range; SD, standard deviation

* Denominator is 283 for all groups, 143 for ketamine and 140 for placebo groups

** Denominator is 290 for all groups, 147 for ketamine and 143 for placebo groups

*** Denominator is 288 for all groups, 146 for ketamine and 142 for placebo groups

**** Denominator is 288 for all groups, 145 for ketamine and 143 for placebo groups

+ Denominator is 270 for all groups, 137 for ketamine and 133 for placebo groups

1+ Denominator is 268 for all groups, 136 for ketamine and 132 for placebo groups
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Table 2

PRIMARY OUTCOME
Objective delayed
neurocognitive recovery (7
days after surgery) *

PRESPECIFIED SECONDARY OUTCOMES

Seven days following surgery

Delirium (positive CAM)
*%

Anxiety (HADS Anxiety
score of 8 or above) ***
Symptoms of depression
(HADS Depression score of
8 or above) ***

Apathy (Starkstein Apathy

Ketamine

(n=149)

50 (38.76%)

6 (4.14%)

53 (42.74%)

19 (15.32%)

34 (28.1%)

Placebo

(n=143)

54 (40.91%)

9 (6.34%)

53 (41.41%)

27 (21.09%)

39 (31.2%)
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OR [95%ClI]

0.92 [0.56-

1.51]

0.80 [0.26-

2.47]

0.95 [0.51-

1.77]

0.71 [0.30-

1.70]

1.08 [0.55-

P-value

0.733

0.698

0.882

0.441

0.83



Scale of 14 or above) ****

Fatigue (Brief Fatigue

Inventory) *****

Ninety days following surgery

Postoperative
neurocognitive disorders
Anxiety (HADS Anxiety
score of 8 or above) 7+
Symptoms of depression
(HADS Depression score of
8 or above) 11

Apathy (Starkstein Apathy

Scale of 14 or above) 1+

3.97 (2.27)

Ketamine

(n=125)

26 (20.8%)

42 (33.87%)

11 (8.87%)

36 (29.51%)

2.12]

Estimate (se)

428 (2.21)  -0.04(0.25)

Placebo
OR [95%CI]
(n=115)
1.05 [0.56-
23 (20%)
1.97]
0.76 [0.41-
42 (37.17%)
1.39]
0.34 [0.13-
24 (21.24%)
0.86]
1.40 [0.63-
33 (29.73%)
3.10]

Estimate (se)

C1 - Interne

P-value

0.884

P-value

0.884

0.376

0.023

0.404

P-value



Fatigue (Brief Fatigue
Mean (SD) 2.76 (2.03) 3.32 (2.08) -0.41(0.23) 0.073
Inventory) 1

Cognitive and mood outcomes within the first 7 and 90 days following major orthopedic surgery in participants assigned to intra-operative ketamine
or placebo groups.
Values are numbers.

CAM, Confusion Assessment Method; CI, confidence interval; HADS, Hospital Anxiety and Depression Scale; OR, odds ratio; SD, standard deviation.

* Denominator is 129 for ketamine and 132 for placebo groups

** Denominator is 145 for ketamine and 142 for placebo groups
*** Denominator is 124 for ketamine and 128 for placebo groups
**** Denominator is 121 for ketamine and 125 for placebo groups
**%** Denominator is 125 for ketamine and 129 for placebo groups
+ Denominator is 125 for ketamine and 115 for placebo groups

+1 Denominator is 124 for ketamine and 113 for placebo groups

T11 Denominator is 124 for ketamine and 114 for placebo groups

C1 - Interne



Figures

Figure 1

7,308 patients assessed for eligibility

4,790 did not meet eligibility criteria

2,518 met eligibility criteria

2,217 excluded
¢ 332 declined to participate
* 878 were not able to peform cognitive tests due

to research team availability
¢ 232 had language barriers
e 775 had other reasons (personal time constraints)

301 randomly assigned

152 allocated to Ketamine

149 allocated to placebo

3 patients withdrew consent 6 patients withdrew consent

149 included in the final intention-to-treat analysis at
postoperative day 7

143 included in the final intention-to-treat analysis at
postoperative day 7

20 patients’ primary outcome data not available at
postoperative day 7

* 1ldeath

* 1 medical decision

11 patients’ primary outcome data not available at
postoperative day 7

* 1 medical decision

¢ 2 patient’s choice

* 2inclusion criteria violated e 8other
e 2 patient’s choice
* 14 other
4 patiens excluded 22 patiens excluded
¢ 3 presented violation of ¢ 3did not receive study drug
inclusion criteria * 19 received open-label
¢ 1had no surgery performed ketamine for analgesia during
the surgery or during the 7
days following the surgery

145 included in the final per-protocol analysis at
postoperative day 7

121 included in the final per-protocol analysis at
postoperative day 7

CONSORT flow diagram of participants

C1 - Interne



Figure 2

Subgroup Ketamine Placebo OR [95% CI] P interaction
Age <70 years (N=101) 16 (33.33%) 19 (35.85%) i 0.89[0.39-2.04] 0.975
>=70 years (N=160) 34 (41.98%) 35 (44.3%) — @ —  0.91[0.49-1.70]
Pre-operative MOCA < 26 (N=139) 25 (38.46%) 30 (40.54%) —#— 0.92[0.46-1.81] 0.985
>= 26 (N=122) 25 (39.06%) 24 (41.38%) —#l——  0.91[0.44-1.87]

[ T T I T 1
0.350.500.71 1.0 1.41 2.0

Favors Favors
Ketamine  Placebo

Subgroup analysis of objective neurocognitive recovery on postoperative day 7. Horizontal bars are

95% confidence intervals.
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